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Insulated gate FET with horizontal and vertical channel - has gate 
insulator which overlies channel region and gate electrode which overlies 
gate insulator and portions of second surface and wall 
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Abstract (Basic) : US 5047812 A 

The FET comprises a semiconductor substrate having a first surface, 
a recess in the first surface, the bottom of the recess defining a 
second surface and a wall of the recess extending from the first 
surface to the second surface. A transistor is formed in the substrate 
and comprises a source region formed at the first surface. A drain 

region is provided comprising a heavily doped region formed at the 
second surface and is spaced apart from the wall. 

A channel region is defined along the wall and the second surface 
between the drain region and the source region . A gate 
insulator overlies the channel region and a gate electrode overlies the 
gate insulator and portions of the second surface and the wall. 
ADVANTAGE - High reliability. (7pp Dwg.No.4/8 
Derwent Class : U12 
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Abstract (Basic) : US 6377070 Bl 

NOVELTY - In-service programmable logic array comprises two logic 
planes each having logic cells, each including a vertical pillar and at 
least one single crystalline ultra thin vertical floating gate 
transistor that includes ultra thin single crystalline vertical first 
and second source / drain regions , ultra thin single crystalline 
vertical body region , and floating gate . 

DETAILED DESCRIPTION - In- service programmable logic array 
comprises a first logic plane that receives input signals and having 
several logic cells arranged in rows and columns that are 
interconnected to provide logical output; and a second logic plane each 
having several logic cells arranged in rows and columns that receive 
the outputs of the first logic plane and that are interconnected to 
produce several logical outputs such that the in service programmable 
logic array implements a logical function. Each logic cell includes a 
vertical pillar (201) extending outwardly from a semiconductor 
substrate (202) and including a single crystalline first contact layer 
(204) and a second contact layer (206) separated by an oxide layer 
(208) ; and at least one single crystalline ultra thin vertical floating 
gate transistor (210) that is selectively disposed adjacent the 
vertical pillar. Each floating gate transistor includes an ultra thin 
single crystalline vertical first and second source / drain regions 
(214, 216) respectively coupled to the first and second contact layers, 
an ultra thin single crystalline vertical body region (212) which 
opposes the oxide layer and couples the first and the second source / 
drain regions , and a floating gate (218) opposing the ultra thin 
single crystalline vertical body region . INDEPENDENT CLAIMS are 
included for the following: 

(a) An electronic system comprising a memory and the inventive 
processor coupled to the memory; and 

(b) A method for forming a programmable logic array, which 
comprises forming a first logic plane; forming a second logic plane; 
and forming each of the logic cells by forming a vertical pillar 
extending outwardly from a semiconductor substrate and forming a single 
crystalline ultra thin vertical transistor by depositing a lightly 
doped polysilicon layer of a second conductivity type over the pillar 
and directionally etching the polysilicon layer of the second 



conductivity type to leave only on sidewalls of the pillars, annealing 
the pillar such that the lightly doped polysilicon layer of the second 
conductivity type recrystallizes and lateral epitaxial solid phase 
regrowth occurs vertically to form a single crystalline vertically 
oriented material of the second conductivity type, and that the single 
crystalline first and second contact layers of a first conductivity 
type seed a growth of single crystalline material of the first 
conductivity type into the lightly doped polysilicon layer of the 
second type to form vertically oriented first and second source / 
drain regions of the first conductivity type separated by a body 
region formed of the single crystalline vertically oriented material 
of the second conductivity type, and forming a floating gate opposing 
the vertical body region and separated from it by a gate oxide. 

USE - The in-service programmable logic array is used as an 
internal part of digital systems, e.g. computers. 

ADVANTAGE - The inventive logic array avoids the deleterious 
effects of short-channel effects, e.g. drain-induced barrier lowering, 
threshold voltage roll off, and sub-threshold conduction, increased 
leakage, and reduced carrier mobility. The floating gate transistors 
with ultra thin regions sale naturally to smaller and smaller 
dimensions while preserving the performance advantage of smaller 
devices . 

DESCRIPTION OF DRAWING (S) - The figure is a diagram illustrating a 
vertical ultra thin body transistor formed along side of a pillar. 
Pillar (201) 

Semiconductor substrate (2 02) 
First contact layer (204) 
Second contact layer (206) 
Oxide layer (208) 

Ultra thin single crystalline vertical floating gate transistor 
(210) 

Ultra thin single crystalline vertical body region (212) 
Ultra thin single crystalline vertical first and second source /" 
drain regions (214, 216) 
Floating gate (218) 
pp; 34 DwgNo 2/11 
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ABSTRACT 

PROBLEM TO BE SOLVED: To see that carriers do not accumulate by forming a 
first single crystalline silicon layer on an insulating film and a second 
single crystalline silicon layer thereon, and making the first single 
crystalline silicon layer have carrier life time shorter than that of the 
second single crystalline silicon layer. 

SOLUTION: Carriers are implanted into a source region 5 from a drain 

region 7, and they are going to be accumulated on the region opposite to 
the gate insulating film 11 of the channel region 8. The channel region 8 
has a single crystal silicon layer 4a and a single crystalline silicon 
layer 4b, and one part of the first silicon layer 4a of the single 
crystalline silicon layer 4 ' where the layer 4a has shorter life time as 
compared with the layer 4b is constituted as one part. Since all the region 
on opposite side to the side of a gate insulating film 11 has a shorter 
life time as compared with the side of the gate insulating film 11, it can 
be made so that the carrier may not be accumulated in the region opposite 
to the side of the gate insulating film 11. 
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Abstract (Basic) : 

A field effect transistor (130) is formed in a 
semiconductor pillar that extends outwardly from a substrate (210) . 
The transistor includes main region (214) and source - drain 
regions (212,216) formed within the pillar. A word line (206) includes 
a gate region which. . . 
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Abstract (Basic) : 

The circuit has semiconductor pillar with several sides 
extending outwardly from a working surface of substrate (210) . A field 

effect transistor ( FET ) (130) having body region (214) , 
source / drain regions (216) is formed within the pillar. The gate 



region and the body region of transistor. 
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Flash memory array production comprises forming semiconductor pillars 
on substrate, each pillar providing shared source / drain regions for 
two vertical floating gate transistors 

Abstract (Basic) : 

... a high density flash EEPROM comprises forming an array of memory 

cells each having a semiconductor pillar . The pillar provides 
shared/ source drain regions for two vertical floating gate 
transistors that have individual floating and control gates 
distributed on opposite sides of the pillar. The control gates are 
formed together with interconnecting... 
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Abstract (Basic) : 

A pillar (300) of semiconductor material extends outwards 
from a working surface of a substrate (305) to form source and drain 

regions (310) . Vertically stacked floating gate pairs (325) are 
associated with the sides of the pillar, with a dielectric (330) 
disposed. . . 



Description 

FET OR FETS OR FIELD {) EFFECT () TRANSISTOR? OR FGT OR FGTS OR 
FLOAT? (2N) GATE? 

(SOURCE OR BODY OR DRAIN?) (2N) REGION? 

(SEMICONDUCTOR OR SEMI () CONDUCTOR? ) (3N) (STACK? OR PILLAR? - 
OR BULK?) 

(TOP OR UPPER OR BOTTOM OR LOWER) (3N) DOPANT? 
VERTICAL? (2N) (BODY OR BODIES) OR HORIZONTAL? ( 2N) GATE? 
SI AND S2 AND S3 

SI AND S2 AND S3 AND S4 AND S5 
SI AND S2 
SI AND S5 
SI AND S5 
S10 NOT S9 

EE PROM OR FPLA OR FIELD () PROGRAMMABLE () LOGIC () ARRAY? OR - 
EPROM OR ELECTRICALLY () ERASABLE () PROGRAMMABLE OREAD () ONLY () ME- 
MORY 

EEPROM OR FEEPROM OR E2PROM OR EAROM OR (NONVOLATILE OR NO- 
N(W) VOLATILE) (W) MEMORY OR NON () VOLATILE () RAM OR NVRAM OR PROG- 
RAMMABLE () READ () ONLY () MEMORY OR PROM OR ROM OR READ () ONLY () M- 
EMORY 

FLASH (W) (MEMORY OR MEMORIES OR BIOS OR CHIP OR CHIPS OR CA- 
RD OR CARDS OR DISK? OR DISC? ? OR RAM OR ROM OR STORAG? OR M- 
ODULE?) OR FLASH (W) (RANDOM (W) ACCESS (W) MEMORY OR READ (W) ONLY (W- 
) MEMORY) 

SI AND S2 AND (S12 OR S13 OR S14) 
SI (ION) S2 (ION) (S12 OR S13 OR S14) 
RD (unique items) 
S17 AND PY<=2001 

File 2:INSPEC 1969 -2002/Oct W4 

(c) 2002 Institution of Electrical Engineers 
File 6:NTIS 1964 - 2 0 02 /Oct W3 

(c) 2002 NTIS, Intl Cpyrght All Rights Res 
File 8:Ei Compendex (R) 1970-2002/Oct W3 

(c) 2002 Engineering Info. Inc. 
File 34 :SciSearch(R) Cited Ref Sci 1990-2002/Oct W4 

(c) 2002 Inst for Sci Info 
File 434 :SciSearch(R) Cited Ref Sci 1974 - 1989/Dec 

(c) 1998 Inst for Sci Info 
File 35 :Dissertation Abs Online 1861 -2002/Oct 

(c) 2 0 02 ProQuest Inf o&Learning 
File 65: Inside Conferences 1993 -2002/Oct W4 

(c) 2002 BLDSC all rts . reserv. 
File 94 : JICST-EPlus 1985 -2002/Aug W4 

(c)2002 Japan Science and Tech Corp(JST) 
File 99:Wilson Appl . Sci & Tech Abs 1983 -2002/Sep 

(c) 2002 The HW Wilson Co. 
File 144:Pascal 1973 -2002/Oct W4 

(c) 2002 INIST/CNRS 
File 305 :Analytical Abstracts 1980-2002/Oct W2 

(c) 2002 Royal Soc Chemistry 
File 315:ChemEng & Biotec Abs 1970-2002/Sep 

(c) 2002 DECHEMA 



'Set 


Items 


SI 


112922 


S2 


91132 


S3 


3340 

i 


S4 


402 


S5 


1640 


S6 


0 


S7 


0 


S8 


1503 


S9 


5 


S10 


5 


Sll 


0 


S12 


9831 


S13 


78742 


S14 


4655 

i 


S15 


35 


S16 


10 


S17 


6 


S18 


6 


? show 


files 



•9/3, K/l (Item 1 from file: 2) 

DIALOG (R) File 2 : INSPEC 

(c) 2002 Institution of Electrical Engineers. All rts. reserv. 

5486595 INSPEC Abstract Number: B9703 -1265D-008 

Title: Electrical characteristics between gates of a flash-memory device 
with an independent erase gate 

Author(s): Jeong-Hyeop Lee; Nam-Soo Kim 

Author Affiliation: Dept. of Semicond. Sci., Chung-Buk Nat. Univ., 
Cheongju, South Korea 

Journal: Ungyong Mulli vol.9, no. 6 p. 740-4 
Publisher: Korean Phys . Soc, 

Publication Date: Nov. 1996 Country of Publication: South Korea 

CODEN: HMHMEY ISSN: 1013-7009 

SICI: 1013-7 00 9 (199611) 9 : 6L . 74 0 : ECBG; 1 -F 

Material Identity Number: E332-97001 

Language : Korean 

Subfile: B 

Copyright 1997, IEE 
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...Abstract: is programmed and erased by hot electrons at the drain edge 
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Abstract: Floating gate avalanche field-effect transistor devices are 
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gate disposed over the channel region between the source and drain 
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Abstract (Basic) : US 6377070 Bl 

NOVELTY - In-service programmable logic array comprises two logic 
planes each having logic cells, each including a vertical pillar and at 
least one single crystalline ultra thin vertical floating gate 
transistor that includes ultra thin single crystalline vertical first 
and second source / drain regions , ultra thin single crystalline 
vertical body region , and floating gate . 

DETAILED DESCRIPTION - In-service programmable logic array 
comprises a first logic plane that receives input signals and having 
several logic cells arranged in rows and columns that are 
interconnected to provide logical output; and a second logic plane each 
having several logic cells arranged in rows and columns that receive 
the outputs of the first logic plane and that are interconnected to 
produce several logical outputs such that the in service programmable 
logic array implements a logical function. Each logic cell includes a 
vertical pillar (201) extending outwardly from a semiconductor 
substrate (202) and including a single crystalline first contact layer 
(204) and a second contact layer (206) separated by an oxide layer 
(208) ; and at least one single crystalline ultra thin vertical floating 
gate transistor (210) that is selectively disposed adjacent, the 
vertical pillar. Each floating gate transistor includes an ultra thin 
single crystalline vertical first and second source/drain regions (214, 
216) respectively coupled to the first and second contact layers, an 
ultra thin single crystalline vertical body region (212) which 
opposes the oxide layer and couples the first and the second source / 
drain regions , and a floating gate (218) opposing the ultra thin 
single crystalline vertical body region . INDEPENDENT CLAIMS are 
included for the following: 

(a) An electronic system comprising a memory and the inventive 
processor coupled to the memory; and 

(b) A method for forming a programmable logic array, which 
comprises forming a first logic plane; forming a second logic plane; 
and forming each of the logic cells by forming a vertical pillar 
extending outwardly from a semiconductor substrate and forming a single 
crystalline ultra thin vertical transistor by depositing a lightly 
doped polysilicon layer of a second conductivity type over the pillar 



and directionally etching the polysilicon layer of the second 
conductivity type to leave only on sidewalls of the pillars, annealing 
the pillar such that the lightly doped polysilicon layer of the second 
conductivity type recrystallizes and lateral epitaxial solid phase 
regrowth occurs vertically to form a single crystalline vertically 
oriented material of the second conductivity type, and that the single 
crystalline first and second contact layers of a first conductivity 
type seed a growth of single crystalline material of the first 
conductivity type into the lightly doped polysilicon layer of the 
second type to form vertically oriented first and second source/drain 
regions of the first conductivity type separated by a body region 
formed of the single crystalline vertically oriented material of the 
second conductivity type, and forming a floating gate opposing the 
vertical body region and separated from it by a gate oxide. 

USE - The in-service programmable logic array is used as an 
internal part of digital systems, e.g. computers. 

ADVANTAGE - The inventive logic array avoids the deleterious 
effects of short-channel effects, e.g. drain- induced barrier lowering, 
threshold voltage roll off, and sub- threshold conduction, increased 
leakage, and reduced carrier mobility. The floating gate transistors 
with ultra thin regions sale naturally to smaller and smaller 
dimensions while preserving the performance advantage of smaller 
devices . 

DESCRIPTION OF DRAWING (S) - The figure is a diagram illustrating a 
vertical ultra thin body transistor formed along side of a pillar. 
Pillar (201) 

Semiconductor substrate (202) 
First contact layer (204) 
Second contact layer (206) 
Oxide layer (208) 

Ultra thin single crystalline vertical floating gate transistor 
(210) 

Ultra thin single crystalline vertical body region (212) 
Ultra thin single crystalline vertical first and second 
source/drain regions (214, 216) 
Floating gate (218) 
pp; 34 DwgNo 2/11 
Title Terms: SERVICE; PROGRAM; LOGIC; ARRAY; USEFUL; INTEGRAL; PART; 
DIGITAL; SYSTEM; COMPRISE; TWO; LOGIC; PLANE; LOGIC; CELL; VERTICAL; 
PILLAR ; SINGLE; CRYSTAL; ULTRA; THIN; VERTICAL; FLOAT; GATE; TRANSISTOR 
Derwent Class: L03 ; T01; Ull; U12 ; U13; U21 

International Patent Class (Main) : H01L-025/00; H03K-019/177 
International Patent Class (Additional) : G06F-007/38 
File Segment: CPI; EPI 
Inventor: FORBES L 

Abstract (Basic) : 

. . . thin vertical floating gate transistor that includes ultra thin 

single crystalline vertical first and second source / drain regions 
, ultra thin single crystalline vertical body region , and 
floating gate . 

... 216) respectively coupled to the first and second contact 

layers, an ultra thin single crystalline vertical body region (212) 
which opposes the oxide layer and couples the first and the second 
source / drain regions , and a floating gate (218) opposing the 
ultra thin single crystalline vertical body region . INDEPENDENT 
CLAIMS are included for the following. . . 

. . .of the single crystalline vertically oriented material of the second 
conductivity type, and forming a floating gate opposing the 
vertical body region and separated from it by a gate oxide... 

. . .The figure is a diagram illustrating a vertical ultra thin body 
transistor formed along side of a pillar. . . 

...Ultra thin single crystalline vertical body region (212... 
Technology Focus : 

first and second logic plane each comprises NOR (sic) planes. 
The ultra thin single crystalline vertical body region includes a 



channel having a vertical length of less than 100 nm and a 
horizontal width of less than 10 nm. . . 

floating gate transistors formed on opposing sides of the trench. The 
ultra thin single crystalline vertical body region comprises a 
lightly doped body region such that the single crystalline ultra 
thin vertical floating gate transistor functions as a fully 
depleted transistor. The single crystalline first contact layers of the 
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Claims 

Fulltext Word Count: 12918 
English Abstract 

Structures and method for Flash memory with ultra thin vertical body 
transistors (2 00) are provided. The Flash memory includes an array of 
memory cells including floating gate transistors (200) . Each floating 
gate transistor (200) includes a pillar (201) extending outwardly from a 
semiconductor substrate (202) . The pillar (201) includes a single 
crystalline first contact layer (204) and a second contact layer (206) 
vertically separated by an oxide layer (208) . A single crystalline 
vertical transistor (210) is formed along side of the pillar. The single 
crystalline vertical transistor (210) includes an ultra thin single 
crystalline vertical body region (212) which separates an ultra thin 
single crystalline vertical first source/drain region (214) and an ultra 
thin single crystalline vertical second source / drain region (216) . 
A floating gate (212) opposes the ultra thin single crystalline 
vertical body region (212), and a control gate (218) separated from 
the floating gate (212) by an insulator layer (220) . 

French Abstract 

Cette invention se rapporte a des structures et a un procede pour memoire 
flash avec transistors a corps vertical ultra mince. Cette memoire flash 
comprend un reseau de cellules de memoire contenant des transistors a 
grille flottante. Chaque transistor a grille flottante comporte un pilier 
s'etendant vers l'exterieur depuis un substrat de semi-conducteur . Ce 
pilier presente une premiere couche de contact monocristalline et une 
seconde couche de contact separee verticalement par une couche d'oxyde. 
Un transistor vertical monocristallin est forme sur le cote de ce pilier. 
Ce transistor vertical monocristallin contient une zone a corps vertical 
monocristallin ultra mince, qui separe une premiere zone de source/drain 
verticale monocristalline ultra mince et une seconde zone de source/drain 
verticale monocristalline ultra mince. Une grille flottante est placee a 
l 1 oppose de la zone a corps vertical monocristallin ultra mince et une 
grille de commande est separee de la grille flottante par une couche 



isolante . 
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Detailed Description 

Claims 

English Abstract 

Structures and method for Flash memory with ultra thin vertical body 
transistors (2 00) are provided. The Flash memory includes an array of 
memory cells including floating... 

. . .of the pillar. The single crystalline vertical transistor (210) includes 
an ultra thin single crystalline vertical body region (212) which 
separates an ultra thin single crystalline vertical first source/drain 
region (214) and an ultra thin single crystalline vertical second source 
/ drain region (216) . A floating gate (212) opposes the ultra thin 
single crystalline vertical body region (212) , and a control gate 
(218) separated from the floating gate (212) by an insulator layer 
(220) . 

Detailed Description 

FLASH MEMORY WITH ULTRA THIN VERTICAL BODY TRANSISTORS 
Cross Reference To Related Applications 

This application is related to the following co-pending. . . 
...invention relates generally to integrated circuits, and in 

particular to Flash memory with ultra thin vertical body transistors. 

Background of the Invention 

Semiconductor memories, such as dynamic random access memories 
(DRAMs ) , are . . . 

...side of the pillar. The single crystalline vertical transistor includes 
an ultra thin single crystalline vertical body region which separates 
an ultra thin single crystalline vertical first source/drain region and 
an ultra thin single crystalline vertical second source / drain region 
. A floating gate opposes the ultra thin single crystalline vertical 

body region , and a control gate separated from the floating gate 
by an insulator layer. 

These and other embodiments, aspects, advantages, and features of the 
present... 0. I micron, 100 mn, or 1000 A. 

Figure 2 is a diagram illustrating a vertical ultra thin body 
transistor 

forined along side of a pillar according to the teachings of the present 
invention. . . 

. ..3A-3C illustrate an initial process sequence which for forming 

pillars along side of which vertical ultra thin body transistors can 
later be formed I 0 according to the teachings of the present invention 



...continuing from the pillar 

1 5 formation embodiments provided in Figures 3A-4C to form vertical 
ultra thin body transistors along side of the pillars. 

Figures 6A-6F illustrate a process sequence for forming a stacked 

horizontal floating gate and control gate structure embodiment 
according to the teachings of the present invention. 

Figures 7A. . . 



. . .vertical floating gates can be formed alongside vertical ultra-thin 

transistor body structures and a horizontal oriented control gate can 
be formed above the vertically oriented floating gates according to the 
teachings of the. . . 

...teachings of the present invention. As shown in Figure 2, access FET 200 
includes a vertical ultra thin body transistor, or otherwise stated 
an ultra thin single crystalline vertical transistor. According to the 
teachings . . . 

...crystalline vertical transistor 210 is formed along side of thepillar201 . 
Theultrathinsinglecrystallineverticaltransistor2l0includes an ultra thin 
single crystalline vertical body region 212 which separates an ultra 
thin single crystalline vertical first source/drain region 214... 

...the second contact layer. A gate 218 is formed 

opposing the ultra thin single crystalline vertical body region 212 
and is separated therefrom by a thin gate oxide layer 220. 

According to. . . 

...width of less than 10 nanometers. 

Thus, in one embodiment, the ultra thin single crystalline vertical 
body region 212 includes a channel having a vertical length (L) of 
less than 100 nanometers. 

Also, the ultra thin single crystalline vertical body region 212 has 
a horizontal width (W) of less than 10 nanometers. And, the ultra... 
Figures 3A-3C illustrate an initial process sequence for forming pillars 
along side of which vertical ultra thin body transistors can later be 
formed as part 
6 

of forming a flash memory cell according ... Figures 3A-3C, and any of the 
substrates shown in Figures 4A-4C, to form vertical ultra thin body 
transistors along side of the pillars, such as pillars 340-1 and 340-2 in 



...occurs vertically. The drain and source regions, 551 and 552, will be 
separated by a vertical single crystalline body region 552 formed of 
the p-type material. In one embodiment of the present invention, the 
vertical single crystalline body region will have a vertical length of 
less than 100 m- ...insulator can be grown or deposited on this ultrathin 
single crystalline film 546. And, either horizontal or vertical gate 
structures can be formed in trenches 530. 

As one of ordinary skill in the art... 

...552 coupled to the second contact layer 516. An ultra thin p-type single 
crystalline vertical body region 553 remains along side of, or 
opposite, the oxide layer 514 and couples the... 

...the second source/drain region 552. In effect, the ultra thin p-type 
single crystalline vertical body region 553 separates the drain and 
source regions, 551 and 552 respectively, and can electrically... 

. ..body region 553 having a vertical length of less than 100 run in which a 
channel having a vertical length of less than 1 00 run can be formed. 
Also, the dimensions include drain. . . 

. . .process descriptions described above, the fabrication process can 
continue to form a number of different horizontal and vertical gate 
structure embodiments in the trenches 530 as described in connection with 
the Figures below. 

Figures 6A-6F illustrate a process sequence for forming a stacked 

horizontal floating gate and control gate structure embodiment, 
referred to herein as horizontal replacement gates , in connection 
with the present invention. The dimensions suggested in the following 



process steps are. 



.652 coupled to a second contact layer 616. 

An ultra thin p-type single crystalline vertical body region 653 is 
present along side of, or opposite, an oxide layer 614 and couples... or 
ultra thin 
13 

body transistors on the surface of the ultra thin single crystalline 
vertical body region 653. Next, doped n+ type polysilicon layer 642 
can be deposited to form a. . . 

.the doped n+ type polysilicon layer 642 is RIE etched to form an 
integrally formed, horizontally oriented floating gate 642 having a 
vertical side of less than 100 nanometers opposing the ultra thin single 
crystalline vertical 

body region 653. Next, an oxide layer 644 is deposited such as by a CVD 
process . . . 

.of fabrication steps. In Figure 

6D, the oxide layer 644 on the top of the horizontally oriented 
floating gate 642 is masked and etched, such as by RIE, to remove the 
oxide layer 644 . . . 

.patterning and then depositing, such as by CVD, a polysilicon control 
gate line above the horizontally oriented floating gates 642. Another 
oxide layer can be deposited over the surface of the structure, such as 

.752 coupled to a second contact layer 716. An ultra thin p-type single 
crystalline vertical body region 753 is present along side of, or 
opposite', an oxide layer 714 and couples .. .vertical floating gates can 
be formed alongside vertical ultra-thin transistor body structures and a 
horizontal oriented control gate can be formed above the vertically 
oriented floating gates. These structures can be achieved by... 

.852 coupled to a second contact layer 816. An ultra thin p-type single 
crystalline vertical body region 853 is present along side of, or 
opposite, an oxide layer 814 and couples ... buried control gate or word 
address lines minimizes the cell surface area. The ultra-thin vertical 
body structures allow transistor operation with dimensions less than I 

00 nin further increasing density. The... 

aim 

of the pillar, wherein the single crystalline vertical transistor 
includes an ultra thin single crystalline vertical body region which 
separates an ultra thin single crystalline I 0 vertical first 
source/drain region and an ultra thin single crystalline vertical 
second source / drain region ; 

a floating gate opposing the ultra thin single crystalline vertical 
body 

region ; and 

a control gate separated from the floating gate by an insulator 
layer . 

2 The floating gate transistor of claim 1, wherein the ultra thin single 
crystalline vertical body region includes a channel having a 
vertical length of less than I 00 nanometers. 

3 The floating gate transistor of claim 1, wherein the ultra thin single 
crystalline vertical body region has a horizontal width of less than 

1 0 

nanometers . 

4 The floating gate transistor of claim 1, wherein the ultra thin single 
crystalline vertical body region is formed from solid phase epitaxial 
growth . 

5 A memory cell, comprising: 
a pillar . . . 



...second source/drain region 

coupled to the second contact layer; 

an ultra thin single crystalline vertical body region formed along 
side of the oxide layer, wherein the single crystalline 

vertical body region couples the first source / drain region 
to the second source / drain region ; and 

a floating gate opposing the vertical body region and separated 
therefrom by a gate oxide; 

a control gate separated from the floating gate... 

...line formed of single crystalline semiconductor material and disposed 
below the ultra thin single crystalline vertical body region, wherein 
the 

buried bit line is coupled to the first contact layer; and 
1. . . 

. . .contact layer. 

7 The memory cell of claim 5, wherein the ultra thin single crystalline 
vertical body region includes a p-type channel having a vertical 

length of less than 100 nanometers. 

8 The memory cell of claim 7 , wherein the ultra thin single crystalline 
vertical body region has a horizontal width of less than 10 

nanoincters . 

9 The memory cell of . . . 

...second source/drain region 

coupled to the second contact layer; 

an ultra thin single crystalline vertical body region formed along 
side of the oxide layer, wherein the single crystalline 

vertical body region couples the first source / drain region 
to the second source / drain region ; and 

15a floating gate opposing the vertical body region and 

separated 

therefrom by a gate oxide; 

a control gate separated from the floating gate... 
...line formed of single crystalline semiconductor material and disposed 
below the ultra thin single crystalline vertical body region, wherein 
the 

buried bit line is coupled to the first contact layer; 
a data ... 

...trench below a top surface of the pillar for addressing the ultra thin 
single crystalline vertical body region. 

12 The memory cell of claim I 1, wherein the control gate is formed. . . 
...surface of the pillar. 

13 The memory cell of claim I 1, wherein the floating gate includes a 
horizontally oriented floating gate , wherein a vertical side of the 

horizontally oriented floating gate has a length of less than 1 00 

nanometers . 

26 

. The memory cell of claim. . . 

. . . drain region 

coupled to the second contact layer; 

1 5 an ultra thin single crystalline vertical body region formed 
along 

side of the oxide layer, wherein the single crystalline 

vertical body region couples the first source / drain region 
to the second source / drain region ; 

a floating gate opposing the vertical body region and separated 
therefrom by a gate oxide; 

wherein a horizontal junction depth for the first... 



. . . drain regions is 

much less than a vertical length of the ultra thin single 
crystalline vertical body region ; 

a control gate separated from the floating gate by an insulator 
buried bit line formed of single crystalline semiconductor material and 
disposed below the single crystalline vertical body regions, wherein 
the buried 

bit line is coupled to the first contact layer; and 
a. . . 

. . .pillar. 

18 The flash memory cell of claim 15, wherein each ultra thin single 
crystalline vertical body region includes a p-type channel having a 

vertical length of less than I 00 nanometers. 

19 The flash memory cell of claim 15... 

. . . oxide layer . 
1 5 

20 The flash memory cell of claim 15, wherein each floating gate 
includes a horizontally oriented floating gate having a vertical side 
length of less than I 00 nanometers. 

21 The flash memory. . . 

...second source/drain region 

coupled to the second contact layer; 

an ultra thin single crystalline vertical body region which opposes 
the oxide layer and couples the first and the second 

source / drain regions ; and 
a floating gate opposing the vertical body region and separated 
therefrom by a gate oxide; 

a plurality of buried bit lines formed of... 
. . . of each pillar . 

24 The array of memory cells of claim 23, wherein each floating gate 
includes a horizontally oriented floating gate having a vertical side 
of less than 

1 00 nanometers, and wherein the horizontally oriented floating gate 
are 

separated by a floating gate oxide from the ultra thin single 
crystalline vertical body regions on opposing sides of the trench 
for column adjacent pillars. 

2 5 The array of memory. . . 
. . .floating gates. 

26 The array of memory cells of claim 22, wherein each single crystalline 
vertical body region includes a p-type channel having a vertical 

length of less than I 00 nanometers. 

27 The array of memory cells of claim. . . 

. . . drain region 

1 5 coupled to the second contact layer; 

an ultra thin single crystalline vertical body region fori-ned along 
side of the oxide layer and which couples the first and the 
second source / drain regions ; and 

a floating gate opposing the vertical body region and separated 
therefrom by a floating gate oxide; 

a plurality of buried bit lines formed of single crystalline 

semiconductor 

material and disposed. . . 

...below a top surface of each pillar such that each trench houses a pair 
of floating gates opposing the ultra thin single crystalline 



vertical body 

30 

regions in column adjacent pillars on opposing sides of the trench, and 
wherein the pair of . . . 

...floating gates. 

33 The array of flash memory cells of claim 29, wherein each floating 
gate includes a horizontally oriented floating gate having a 
vertical side of less than 1 5 100 nanometers, and wherein the 
horizontally oriented floating gate is separated by a floating gate 

oxide from the ultra thin single crystalline vertical body regions 
on opposing sides of the trench for column adjacent pillars. 

34 The array of flash. . . 

...second source/drain 

region coupled to the second contact layer; 
an ultra thin single crystalline vertical body 
opposes the oxide layer and couples the first and 
the second source / drain regions ; and 
a floating gate opposing the vertical body 
separated therefrom by a gate oxide; 
15a plurality of buried bit lines... 

...top surface of each pillar. 

38 The electronic system of claim 36, wherein each floating gate 
includes a horizontally oriented floating gate having a vertical side 
of less than 10 0 nanometers, and wherein the horizontally oriented 
floating gates are separated by a floating gate oxide from the 
ultra thin single crystalline vertical body regions on opposing 
sides of the trench for column adjacent pillars. 

39 The electronic system of... 

...above the floating gates. 
32 

. The electronic system of claim 36, wherein each single crystalline 
vertical body region includes a p-type channel having a vertical 
length of less than 100 nanometers. 

41 The electronic system of claim 36, wherein each... 

...second source/drain 

region coupled to the second contact layer; 

an ultra thin single crystalline vertical body region formed 
along side of the oxide layer and which couples the 
first and the second source / drain regions ; 

a floating gate opposing the vertical body region and 

separated therefrom by a floating gate oxide; 

33 

wherein a horizontal junction depth for the first and the 
second ultra thin. . . 
. . .drain regions is much less than a vertical 

length of the ultra thin single crystalline vertical 
body region; 

a plurality of buried bit lines formed of single crystalline 
semiconductor material and disposed. . . 

. . .below a top surface of each pillar such that each trench houses a pair 
of floating gates opposing the ultra thin single crystalline 
vertical body regions in column adjacent pillars on opposing sides 
of the trench, and wherein the pair of... 

. . . gates . 

47 The electronic system of claim 43, wherein each floating gate includes 
a 0 horizontally oriented floating gate having a vertical side of 



region which 
region and 



less than I 00 nanometers, and wherein the horizontally oriented 

floating gate is separated by a 

34 

floating gate oxide from the ultra thin single crystalline vertical 
body regions on opposing sides of the trench for column adjacent 
pillars . 

48 The electronic system of... of the pillar, wherein the single 
crystalline vertical transistor includes an ultra thin single crystalline 
vertical body region which separates an ultra thin single crystalline 
vertical first source/drain region and an ultra thin single crystalline 
vertical 

second source / drain region ; 

fort-ning a floating gate opposing the ultra thin single crystalline 
vertical 

body region ; and 
fori-ning a control gate separated from the floating gate by an 
insulator layer. 

51 The method of claim 50, wherein forming the ultra thin. . . 

.the now single crystalline vertically oriented 
material of the second conductivity type; and 

forming a floating gate opposing the vertical body region and 

separated therefrom by a gate oxide; 

forming a control gate separated from the floating. . . 

.a buried bit line of single crystalline semiconductor material 

below the ultra thin single crystalline vertical body region, wherein 

forming the buried bit line includes coupling the buried bit line to the 

.trench below a top surface of the pillar for addressing the ultra thin 
single crystalline vertical body regions . 

54 The method of claim 53, wherein forming each floating gate in a 
trench below a top surface of each pillar includes fort-ning each 
floating gate such that each trench houses a pair of floating gates 
opposing the ultra thin single crystalline vertical body regions in 
column adjacent pillars on opposing sides of the trench, and wherein the 
pair of . . . 

.The method of claim 53, wherein fori-ning each floating gate includes 
fori-ning a horizontally oriented floating gate , wherein the 
horizontally oriented floating gate is separated by a floating gate 

oxide from the ultra thin single crystalline vertical body regions 
on opposing sides of the trench for column adjacent pillars, and wherein 
a vertical side of the horizontally oriented floating gate has a 
length of less than I 00 nanometers. 

58 The method of claim 57... the single 

crystalline vertically oriented material of the second 

conductivity type; and 

38 

forming a floating gate opposing the vertical body region and 

separated therefrom by a gate oxide; 

forming a plurality of buried bit lines formed. . . 
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ABSTRACT EP 2 3 6676 A2 

For an EPROM having floating gate type FET memory cells, required 
marginal space allowances for mask alignment, and the incidence of bird's 
beaks, are cut down by applying self alignment techniques to determine 
both gate width and gate length. 

On a substrate (1) , a first gate insulation film (3) and a first 
conductive (e.g. polysilicon) layer (PA) are formed. Parallel grooves 
(11) for device separation are formed in the gate length direction by 
photolithography. The space between the grooves (11) defines gate width: 
the width of the grooves determines spacing between the cell FETs . The 
grooves are buried by insulator (e.g. SiO(sub 2)) (12) deposited by 
chemical vapour deposition. Then etching is used to expose the first 
conductive layer (PA) , and a second gate insulation film (6) and a second 
conductive (e.g. polysilicon) layer (PB) are formed on the exposed 
surface. Parallel stripes (7) are formed, by etching the second 
conductive layer, orthogonal to the grooves (11) . The spacing between the 
stripes determines device separation in the gate length direction. The 
stripes are then used as the mask for etching to expose the substrate (1) 
in which sources (9) and drains (10) are then formed by doping 



...SPECIFICATION gate width direction (the horizontal direction in the 
Figures) to become word lines. In such manner , floating gates 8 are 
formed underneath control gates 7 separated from the latter by second 
gate oxide . . . 

...type impurities, by ion implantation for example, to form n(sup +) -type 
source 9 and drain 10 regions . 

In Fig. 1(c) a floating gate 8 is shown by a broken line which 
gives it the appearance of being slightly narrower (shorter) than a... 
type opposite to that of the semiconductor substrate, into the exposed 
semiconductor substrate to form source and drain regions of the 
memory cell FETs to be fabricated. 

Embodiments of the present invention can provide... or after its growth, 
by gas diffusion or ion implantation for example. 

Then, the second polysilicon layer PB is patterned by 
photolithography to form parallel stripes oriented orthogonally with 
respect to the device separation grooves 11. The width of a stripe 
later becomes the gate length of a memory cell FET, and the spacing 
between the . . . 

...regions 13 are not extended continuously in the gate length direction, 
but are interrupted at source regions 9. This is a modification of 
the above described processes and is provided due to the fact that, in 
EPROM devices, the source regions should be connected to each other 
in the direction of a word line WL. It... 

...CLAIMS be fabricated, and then etching off successively the second gate 
insulating film, the first conductive layer and the first gate 
insulation film to expose the semiconductor substrate, using the 
parallel stripes (7... 

...that of the semiconductor substrate, into the exposed semiconductor 

substrate to form source (9) and drain regions (10) of the memory 



cell iFETs to be fabricated. 
7. A process as claimed in... 
...CLAIMS a celui du substrat semiconducteur a 1 ' interieur du substrat 

semiconducteur expose pour former des regions de source (9) et de 
drain (10) des FET de cellule de memoire qui doivent etre fabriques 



